Apraxia following left hemisphere stroke disrupts pantomimed tool use (PTU), a task that requires the integrity of a number of cognitive and motor processes. Although previous studies have identified that apraxics have deficits in (1) the integrity of/access to stored tool-use gesture representations, (2) deficits in intrinsic (body-based) coordinate control, and (3) abnormal reliance on visual feedback, no study to date has simultaneously tested the relative contribution of these three deficits to poor PTU performance. In this study we assessed 38 chronic left hemisphere stroke survivors on tests of PTU and the 3 component processes. We then attempted to predict PTU with the component scores using hierarchical regression to control for overall stroke severity and the possibility of correlated component scores. Results showed that over half of the variability in PTU was predictable, with the strongest independent predictor being a test of intrinsic coordinate control without visual feedback. A test of the integrity of/ access to stored representations also predicted PTU. These results confirm and extend previous claims that conceptual-and production-related factors affect PTU, even after considering that deficits in both factors are commonly observed to varying degrees in apraxic patients.
Introduction
Limb apraxia is a common disorder following left hemisphere stroke that is characterized by deficits in gesture imitation, pantomimed tool use, and actual tool use. Of these tasks, pantomimed tool use (PTU) is perhaps the most sensitive test of apraxia. On several accounts, PTU requires the integrity of a number of cognitive and motor processes, any or all of which may be deficient in the apraxia syndrome (Binkofski & Buxbaum, 2013; Buxbaum, 2001; Stamenova, Black, & Roy, 2012) . Because these processes tend to be highly correlated, understanding their relative contributions to PTU has been a challenge.
On most accounts, one of the processes required for PTU is the activation of a tool-use gesture representation that specifies the spatio-temporal properties of the movement in a relatively abstract or multi-modal form (e.g. that using a hammer is associated with a movement of a certain shape, size, and temporal characteristics; Buxbaum, 2001; Geschwind, 1965; Gonzalez Rothi, Ochipa, & Heilman, 1991; Liepmann, 1920) . Evidence that apraxics have poor access to (or impaired integrity of) such gesture representations comes from simple tests of gesture recognition, in which the patient is given the name of a tool-use gesture (e.g. "hammering") and is then asked to identify from a set of gestures the one that matches the named gesture (e.g., Kalénine, Buxbaum, & Coslett, 2010; Mozaz et al., 2006) . Consistent with the claim that gesture representations are disrupted in apraxia, we have previously shown a strong relationship between object-related pantomime imitation and object-related pantomime recognition (Buxbaum, Kyle, & Menon, 2005, but see Negri et al., 2007) .
A second process required for PTU is the ability to implement gesture representations with the actor's own body. Previous studies have demonstrated that apraxics exhibit spatiomotor deficits in a range of gesture production tasks. This is true even for production tasks that do not require access to stored gesture representations, such as the imitation of meaningless postures (e.g. placing a vertically oriented hand to the side of the head; De Renzi, 1985; Goldenberg & Hagmann, 1997) . We have previously linked such deficits to a disruption of the motor system's control of movement in an intrinsic coordinate frame (Buxbaum, Giovannetti, & Libon, 2000; Buxbaum, 2001; Jax, Buxbaum, & Moll, 2006) . Intrinsic coordinate control specifies movement plans in terms of body position (e.g. the change in elbow and shoulder angles needed to reach a target; Orban de Xivry et al., 2011; Reina, Moran, & Schwartz, 2001; Rosenbaum, Meulenbroek, Vaughan, & Jansen, 2001 ). This contrasts with extrinsic coordinate control, in which movement paths are specified with respect to locations in the world 
